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THE  PROBLEM 

Improved  performance  assessment  methodologies  are  required  for  measur- 
ing and  predicting  human  performance  in  complex  and  demanding  task  environ- 
ments . Recent  studies  of  human  attention  and  information  processing  have 
successfully  employed  secondary  probe  task  techniques  to  assess  the  differen- 
tial demands  placed  upon  man's  "central  processor"  by  various  component 
task  performances.  Results  from  previous  work  have  shown  that  the  work- 
load or  demand  associated  with  various  tasks  is  dependent  upon  the  type  and 
extent  of  information  processing  required  by  different  processing  operations 
upon  information.  However,  most  of  the  research  to  date  utilizing  probe  task 
techniques  has  examined  combined  task  performance  in  situations  involving 
very  simplified  primary  and  secondary  task  structures . The  general  appli- 
cability of  secondary  probe  task  techniques  for  assessing  processing  demands 
in  more  complex  task  situations  remains  to  be  established . 

FINDINGS 

A primary  task  involving  successive  processing  operations  upon  informa- 
tion including  1)  encoding,  2)  rehearsal,  3)  transformation,  and  4)  com- 
parison-decision was  performed  simultaneously  with  secondary  probe  tasks 
requiring  simple  reaction  time  (RT)  or  choice  reaction  time  (RT)  responses. 

The  two  secondary  tasks  required  different  levels  of  capacity  demands  and 
provided  a basis  for  evaluating  the  processing  strategies  used  by  subjects  in 
the  competing  task  demand  situation.  Probe  stimuli  occurred  an  equal  num- 
ber of  times  during  each  of  the  four  primary  task  processing  intervals. 

Simple  RT  responses  were  performed  significantly  faster  than  choice  RT 
responses  in  the  secondary  probe  task.  The  increase  in  reaction  time  for 
choice  RT  responses  as  compared  to  simple  RT  responses  was  fairly  constant 
across  all  processing  intervals  of  the  primary  task  and  suggested  that  subjects 
used  serial  processing  strategies  to  avoid  capacity  overload . Secondary  task 
error  rates  increased  during  the  comparison-decision  interval  of  the  primary 
task,  and  primary  task  reaction  times  increased  when  probes  occurred  during 
the  transformation  and  comparison-decision  intervals.  The  pattern  of  results 
indicated  that  demands  were  greater  during  primary  task  intervals  requiring 
transformation  and  comparison-decision  although  reaction  times  to  the  secondary 
probe  tasks  did  not  provide  a sensitive  index  of  the  increased  demands . These 
findings  suggest  that  procedural  problems  associated  with  controlling  the  allo- 
cation of  processing  resources  to  varying  combined-task  demands  may  depre- 
ciate the  utility  of  secondary  probe  task  techniques  in  complex  task  situations . 


INTRODUCTION 


The  skilled  tasks  performed  by  human  operators  in  complex  man-machine 
systems  often  involve  a series  of  processing  operations  from  the  point  in  time 
information  is  received  until  a response  is  executed . It  is  widely  recognized 
that  certain  operations  performed  upon  information  require  more  of  the  limited 
human  processing  capacity  than  do  others.  Also,  when  competing  demands 
for  processing  resources  exist,  a greater  amount  of  interference  can  derive  for 
the  human  operator  if  similar  or  more  highly  demanding  operations  are  required 
(11) . Practically,  such  “"Tidings  irr  -’y  tuat  1)  loss  processing  capacity  will  be 
available  for  the  performance  of  rddi^jua)  tasks  when  an  operator  ia  engaged 
in  more  highly  demanding  p-c  nsaing  operations,  and  2)  performance  in  a 
multiple  task  situation  is  hi  ,;h’y  susceptible  to  deterioration  when  interfering 
processing  operations  are  simultaneously  required . It  is  important  for  purposes 
of  task  design  and  integration  to  determine  the  extent  to  which  various  com- 
ponents of  task  performances  can  "load"  the  human  Information  processing  sys- 
tem. Furthermore,  the  direct  study  of  processing  in  relatively  complex  task 
situations  is  necessary  to  extend  the  methods  and  findings  of  previous  research 
utilizing  simplified  tasking  paradigms. 

Most  recently , studies  of  attention  and  information  processing  have 
attempted  to  assess  the  relative  demands  placed  upon  man's  "central  processor " 
by  various  component  operations  upon  information.  Keele  (5)  indicated  that 
operations  which  have  been  identified  to  require  processing  capacity  include 
rehearsal,  response  selection  and  initiation,  memory  search  and  comparison, 
mental  counting,  and  movement  control . Mental  transformations  that  require 
the  "computation"  of  answers  from  stimulus  material  ai&o  imnose  processing 
demands  (4,  14) . The  demands  associated  with  transformations  va*y  with  the 
difficulty  of  the  transform  and  are  usually  higher  than  pure  rehearsal  demands 
(6) . Shwartz  (16)  demonstrated  that  perceptual  (encoding)  as  well  as  post- 
perceptual  (central  processing)  limitations  on  processing  capacity  can  occur 
when  perceptual  processing  capacity  is  overloaded  by  competing  task  demands 
in  the  same  modality.  The  previous  findings  illustrate  that  the  information  pro- 
cessing demands  of  many  skilled  tasks  are  often  transient  within  a task  structure 
and  vary  as  a function  of  the  type  and  extent  of  processing  required . 

Most  of  the  research  to  date  on  the  topic  of  component  task  demands  has 
been  conducted  with  the  use  of  simplified  tasking  paradigms.  It  is  often  noted, 
however,  that  the  relatedness  of  this  work  to  the  complexity  of  actual  task 
environments  is  questionable . Nonetheless , a number  of  prcvocatlve  Insights 
concerning  the  nature  of  man's  limited  processing  capacity  have  been  provided 
by  studies  employing  secondary  task  techniques  such  as  those  used  by  Posner 
and  Boies  (13) . These  techniques  essentially  require  subjects  to  perform 
various  operations  on  stimulus  materials  in  a primary  tnsk  and  to  make  simple 
responses,  such  as  "same"  or  "different"  in  letter  matching  tasks.  During  the 
course  of  primary  task  performance,  a simple  reaction  time  (RT)  response  to  an 
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auditory  or  visual  probe  signal  is  also  required  at  a number  of  temporal  positions 
in  the  central  task . The  probes  are  usually  single  tones  or  light  flashes  and  sub- 
jects are  informed  that  this  is  a secondary  task . If  RTs  in  the  central  task  remain 
relatively  constant  as  a function  of  the  temporal  position  at  which  the  probe 
occurs,  then  variations  in  the  probe  RTs  are  hypothesized  to  reflect  fluctuations 
in  the  amount  of  processing  capacity  required  by  the  central  task  demands . The 
secondary  probe  task  technique  was  used  in  the  present  study  of  complex  task 
performance . 

The  purpose  of  the  present  investigation  was  to  assess  the  differential 
processing  demands  of  a complex  central  task  Involving  various  functional 
requirements  of  the  human  operator . The  task  was  not  designed  to  represent 
any  particular  task  derive^  from  an  actual  system  configuration , but  rather 
was  constructed  to  entail  processing  requirements  which  might  be  common  to 
a number  of  tasking  situations  in  various  systems.  Posner  (12)  pointed  out 
the  necessity  and  criticality  of  studies  involving  the  abstraction  of  processing 
requirements  of  natural , complex  task  situations . Such  studies  represent  one 
way  in  which  improved  extrapolations  of  results  from  studies  of  human  perfor- 
mance to  applied  problems  may  be  achieved . 

The  present  research  was  also  designed  to  evaluate  the  processing  stra- 
tegies employed  by  operators  when  tasks  must  be  performed  simultaneously . If 
a human  limited  capacity  central  mechanism  operates  serially  upon  incoming 
information,  then  the  delay  for  a second  task  will  depend  only  upon  the  time  that 
a primary  task  processing  operation  require  the  mechanism . If , however , the 
mechanism  acts  as  a parallel  svstem  that  attempts  to  process  multiple  signals 
simultaneously , then  *i»o  delay  for  a second  task  might  depend  upon  both  the 
amount  rrf  *i» ue  and  the  amount  of  space  the  primary  processing  operation 
requires  in  the  mechanism . Kerr  (6)  indicated  that  it  might  be  possible  to  dis- 
tinguish between  serial  and  parallel  processing  by  using  two  secondary  tasks  that 
require  different  amounts  of  processing  capacity  combined  with  a primary  task 
with  stages  known  to  produce  different  amounts  of  interference.  If  processing 
is  accomplished  in  a serial  fashion,  then  the  interference  with  the  more  difficult 
secondary  task  will  be  longer  than  with  the  easier  secondary  task  by  a constant 
amount  across  all  stages  of  the  primary  task . If  parallel  processing  is  employed , 
the  primary  task  stages  requiring  more  processing  capacity  would  allow  less 
parallel  processing  and  cause  greater  interference  with  the  more  difficult 
secondary  task  than  with  the  easier  secondary  task . Thus , an  additive  effect 
in  secondary  task  RT  scores  would  reflect  a serial  processing  strategy,  whereas 
an  interactive  effect  would  be  indicative  of  a parallel  processing  strategy  (6) . 

Two  secondary  tasks  were  used  in  the  current  study  with  the  more  difficult 
task  postulated  to  require  more  processing  capacity,  not  merely  more  execution 
time,  than  the  easier  task.  The  primary  task  required  a series  of  processing 
operations  on  information  including  encoding , rehearsal , transformation , and 
comparison-decision . Based  upon  previous  research , it  was  postulated  that 
encoding  and  rehearsal  demands  would  require  significantly  less  processing 
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capacity  than  would  demands  for  transformation  and  comparison -decision. 
Different  amounts  of  interference  between  the  various  primary  task  processing 
operations  and  the  processing  operations  required  in  the  secondary  task  were 
therefore  expected  to  occur . It  was  further  assumed  that  the  results  derived 
from  the  use  of  secondary  probe  task  techniques  in  conjunction  with  the  speci- 
fied tasking  structures  would  not  only  provide  the  basis  for  assessing  process- 
ing strategies  in  this  combined-task  situation , but  also  would  allow  an  evalua- 
tion of  the  assessment  technique  for  more  general  purpose  applications . 

PROCEDURE 


SUBJECTS  AND  APPARATUS 

Twenty-eight  subjects  participated  in  the  experiment.  The  subjects  were 
all  male  aviation  officer  candidates  and  naval  flight  officer  candidates  under- 
going training  at  the  Schools  Command , Naval  Air  Station , Pensacola , Florida . 

The  experiment  was  fully  automated.  All  stimulus  sequences  and  subject 
responses  were  presented  and  recorded  by  means  of  a Data  General  Corporation 
NOVA  800  computer . The  subjects  served  in  a dimly  but  diffusely  illuminated 
testing  room  which  was  Isolated  from  extraneous  noises  or  other  distractions. 
Stimulus  elements  for  the  primary  and  secondary  task  displays  were  located 
behind  one-way  glass  panels  that  allowed  the  stimulus  elements  to  be  seen  only 
when  illuminated.  The  stimulus  displays  for  the  primary  task  consisted  of  two 
rows  of  three , 2 cm  x 2 cm  BEE  one-plane  readouts  mounted  one  above  the  other . 
For  the  secondary  tasks  one  small  white  light  bulb,  1 cm  in  diameter,  was 
mounted  at  each  of  the  four  corners  formed  by  the  six  one-plane  readout  dis- 
plays. Red  and  green  feedback  lights  also  1 cm  in  diameter,  were  associated 
with  the  central  task  and  were  mounted  Immediately  beneath  the  one-plane  read- 
outs. The  response  keys  for  the  tasks  were  mounted  on  a desk-type  control 
console . Subjects  were  seated  at  the  control  console  with  a comfortable  view- 
ing distance  to  *he  glass  panels  of  approximately  43  cm . Instructions  were  pre- 
sented via  a TEAC,  Model  A-7030,  tape  recorder. 

TASKS 

A primary  task  requiring  various  information  processing  operations  was 
performed  simultaneously  with  a secondary  task  requiring  a simple  reaction  time 
(RT)  response  or  with  a secondary  task  requiring  a choice  reaction  time  (RT) 
response.  The  primary  task  was  segmented  into  four  intervals  with  different 
processing  demands  associated  with  each  interval . The  intervals  were  desig- 
nated to  basically  require  1)  encoding,  2)  rehearsal,  3)  transformation,  and 
4)  comparison-decision  operations . 
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For  the  primary  task  white  lights  appeared  for  0,5  sec  in  the  displays 
of  a row  of  three  IEE  one-plane  readouts . The  lights  served  to  cue  the  begin- 
ning of  each  trial  in  the  primary  task.  Immediately  following  the  offset  of  the 
white  lights  three  digits  from  the  set  of  one  to  eight  appeared  for  1 sec  in  the 
same  displays.  Subjects  were  instructed  to  observe  the  digits  and  to  remember 
them . A 2 . 5-sec  rehearsal  interval  then  followed  in  which  the  displays  were 
darkened.  After  the  rehearsal  interval  three  arithmetic  operators,  which  were 
either  plus  or  minus  symbols,  were  presented  in  a set  of  displays  directly  beneath 
the  displays  in  which  the  digits  occurred.  Subjects  were  told  to  add  or  sub- 
tract the  number  one  from  each  of  the  original  numbers  which  were  directly  asso- 
ciated with  each  of  the  operators.  The  operators  remained  present  in  the  dis- 
plays for  a period  of  5 sec  to  allow  subjects  sufficient  time  to  perform  the  arith- 
metic transformations . Three  new  digits  from  the  set  of  zero  to  nine  were  then 
presented  in  the  upper  row  of  displays.  Subjects  were  instructed  to  compare 
the  three  new  numbers  with  the  results  of  their  calculations  and  to  determine 
how  many  of  the  new  numbers  were  incorrect.  If  zero  or  two  numbers  were 
incorrect,  the  subject  was  to  respond  by  pressing  an  illuminated  response  key 
on  the  console  labeled  "even."  If  one  or  all  three  numbers  were  incorrect,  the 
subject  was  to  press  a key  labeled  "odd . " The  three  digits  were  present  in  the 
display  until  the  subject  made  a response.  A green  light,  indicating  that  the 
response  was  correct,  or  a red  light,  indicating  an  incorrect  response,  appeared 
for  1.5  sec  immediately  following  the  key  press . A new  trial  began  with  the 
termination  of  the  feedback  light;  a total  of  96  trials  were  presented  in  the 
experimental  test  sessions. 

In  the  secondary  visual  probe  tasks  the  subjects  were  to  make  a single 
key  press  when  they  detected  the  brief  occurrence  of  two  simultaneously  pre- 
sent white  lights.  The  two  lights  appeared  for  0.3  sec  at  the  upper  left  and 
lower  right  or  at  the  upper  right  and  lower  left  corners  of  the  primary  task  dis- 
plays. In  the  simple  RT  condition  of  the  experiment  the  subjects  were  instructed 
to  press  an  illuminated  response  key  on  the  console  labeled  "signal"  when 
either  of  the  diagonal  light  patterns  occurred . For  the  choice  RT  condition  a 
signal  event  was  defined  as  the  occurrence  of  the  two  lights  at  the  upper  left 
and  lower  right  corners,  whereas  a nonsignal  event  was  defined  as  the  occur- 
rence of  the  two  lights  at  the  upper  right  and  lower  left  corners.  Accordingly, 
the  subject  was  to  press  one  of  two  response  keys  laoeled  "signal"  or  "nonsig- 
nal" when  these  events  occurred. 

The  stimulus  sequences  for  the  secondary  probe  tasks  were  identical  in 
both  the  simple  RT  and  choice  RT  conditions  of  the  experiment . Only  one  probe 
stimulus  could  occur  during  a given  trial  of  the  primary  task . Probes  were  pre- 
sented ranuomly  on  one-half,  or  48,  of  the  primary  task  trials  with  the  restriction 
that  12  probes  occurred  within  each  of  the  four  processing  intervals  of  the  pri- 
mary task.  A further  restriction  in  the  choice  RT  condition  was  that  6 signal 
and  6 nonsignal  stimuli  occurred  during  each  of  the  four  processing  intervals  of 
the  primary  task.  On  probe  trials  equal  numbers  of  "even"  and  "odd"  responses 
were  required  at  each  probe  position,  and  the  order  of  "even"  and  "odd" 
responses  was  randomly  arranged.  Probes  were  presented  either  1 sec,  2 sec, 
5.75  sec,  or  9.5  sec  following  the  onset  of  the  white  cue  lights  in  the  primary 
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task.  Therefore,  the  probe  stimulus  presentations  occurred  1)  0.5  sec  after 
the  beginning  of  the  encoding  interval,  2)  0.5  sec  after  the  beginning  of  the 
designated  rehearsal  interval,  3)  1.75  sec  after  the  start  of  the  transformation 
interval,  and  4)  0.5  sec  after  the  test  digits  were  presented  in  the  comparison- 
decision  interval . 

METHOD 

The  twenty-eight  subjects  were  randomly  assigned  in  equal  proportions  to 
either  the  simple  RT  or  choice  RT  conditions  of  the  experiment.  In  both  groups, 
subjects  first  received  taped  instructions  regarding  the  requirements  of  the  pri- 
mary task  and  were  presented  24  practice  trials  on  the  task.  The  secondary 
probe  task  was  then  described,  and  the  subjects  were  allowed  15  practice  trials 
on  either  the  simple  RT  or  the  choice  RT  task,  depending  upon  the  group  to 
which  they  were  assigned.  After  the  single  task  practice  sessions  the  subjects 
received  24  practice  trials  on  the  primary  task  in  combination  with  either  the 
simple  RT  or  choice  RT  secondary  tasks.  As  in  the  experimental  test  session 
which  followed,  secondary  probe  stimuli  were  presented  on  one-half  of  the  pri- 
mary task  trials , and  an  equal  number  of  probes  occurred  within  each  of  the 
four  processing  intervals  of  the  primary  task . The  test  session  was  then  begun 
and  consisted  of  96  trials  on  the  primary  task  performed  simultaneously  with 
either  the  simple  RT  or  choice  R T secondary  tasks . 

Subjects  were  instructed  to  perform  as  accurately  as  possible  in  the  pri- 
mary task  and  to  take  as  much  time  as  they  required  to  make  a response.  It  was 
also  pointed  out  that  the  subjects  should  not  miss  making  a response  when  a 
stimulus  occurred  in  the  secondary  task . The  duration  of  the  combined  prac- 
tice and  test  sessions  was  approximately  50  min  and  the  average  time  of  the  96 
trial  test  sessions  was  22 . 5 min . 

The  data  were  analyzed  by  means  of  a split-plot  factorial  2.4  analysis  of 
variance  (7) . The  between  subject  variable  was  type  of  response  in  the  secon- 
dary task,  simple  or  choice  RT.  Probe  position  during  intervals  involving  1) 
encoding.  2)  rehearsal,  3)  transformation,  and  4)  comparison-decision  was 
the  within -subject  variable.  Dependent  measures  included  the  correctness  and 
latency  of  responses  in  both  the  primary  and  secondary  tasks . 

RESULTS 

For  each  subject  a median  RT  for  correct  responses  was  determined  for 
secondary  task  probe  and  primary  task  odd -even  RTs  at  each  of  the  four  probe 
positions.  Odd-even  RTs  represent  the  time  to  respond  "odd"  vs.  "even"  in 
the  primary  task  as  a function  of  the  temporal  position  of  the  secondary  task 
probe  stimulus.  Figure  1 illustrates  the  mean  probe  RTs,  averaged  across 
individual  subject  medians,  for  both  simple  and  choice  RT  conditions  and  probe 
position.  The  corresponding  data  for  odd -even  RTs  in  the  primary  task  are 
shown  in  Figure  2 . 
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Proba  task  RT*  at  a function  of  probe  position 
during  precasting  intarvait  involving  (E ) encoding, 
(R)  rahaartai,  (T)  transformation  and  (C-D) 
comparison  - decision.  Simpla  and  choice  RT 
conditions. 


PROBE  TASK 


The  results  of  an  analysis  of  variance  on  the  median  RT  data  from  the 
probe  task  are  presented  in  Table  I.  Simple  RT  responses  were  performed 
significantly  faster  than  choice  RT  responses  (F  = 20.593,  df  1/26,  p < .001) 
at  all  probe  positions.  The  main  effect  of  probe  position  also  proved  to  be 
statistically  significant  (F  = 16.474,  df  3/78,  p < .001) . A post  hoc  analysis, 
using  the  Tukey  HSD  statistic,  revealed  that  RT  at  position  4 (comparison-deci- 
sion) was  slower  than  at  positions  1 , 2 or  3 for  choice  RT  responses  (p<  .01) 
There  were  no  differences  in  simple  RT  as  a function  of  probe  position,  however . 

Table  I 

Analysis  of  Variance  Source  Table  for  Probe  Task  RT 


SOURCE 

df 

MS 

F 

P 

Between  Subjects 

27 

A - Response  Type 

1 

2.597 

20.593 

< .001 

Subj.  w.  groups 

26 

.126 

Within  Subjects 

84 

B - Probe  Position 

3 

.239 

16.474 

< .001 

A x B 

3 

.020 

1.404 

.247 

B x Subj.  w. 
groups 

78 

.014 

The  types  of  possible  errors  in  the  probe  task  were  different  between  the 
simple  and  choice  RT  conditions  of  the  experiment.  In  the  simple  RT  response 
situation  only  errors  of  omission  could  occur,  whereas  errors  of  omission  and 
choice  could  occur  in  the  choice  RT  condition . The  errors  committed  in  the 
probe  task  are  shown  in  Table  II  as  a function  of  response  type  (simple  vs. 
choice  RT)  and  probe  position. 


Table  II 

Summary  of  Error  Data  in  Probe  Task 


RESPONSE 

TYPE 

ERROR 

TYPE 

PROBE  POSITION 
12  3 4 

Total 

Rate 

SIMPLE  RT 

Errors  of 
Omission 

0 

2 

1 

1 

4 

0.6% 

CHOICE  RT 

Errors  of 
Omission 

0 

0 

5 

8 

13 

1.9% 

Errors  of 
Choice 

4 

4 

1 

14 

23 

3.5% 

Total: 

4 

4 

6 

22 

36 

5.4% 

Each  of  the  14  subjects  in  the  simple  and  choice  RT  conditions  of  the  experi- 
ment was  presented  48  probe  stimuli  during  the  test  session.  Of  the  672 
responses  required  per  group,  only  4 errors  were  made  in  the  simple  RT  con- 
dition as  compared  to  36  errors  in  the  choice  RT  condition . It  is  also  of  interest 
to  note  that  61  percent  of  the  errors  in  the  choice  RT  condition  occurred  during 
the  comparison-decision  processing  interval  (probe  position  4) . 

PRIMARY  TASK 

The  analysis  of  variance  on  the  odd-even  RT  data  from  the  primary  task 
(Table  III)  indicated  that  only  probe  position  had  a significant  effect  (F=26.810, 

Table  m 

Analysis  of  Variance  Source  Table  for  Primary  Task  RT 


SOURCE  df  MS  F P 


Between  Subjects 

27 

A-Response  Type 

1 

.930 

.986 

.664 

Subj  w.  groups 

28 

.964 

Within  Subjects 

84 

B -Probe  Position 

3 

7.122 

26.810 

< .001 

A x B 

3 

.542 

2.041 

.114 

B x Subj.  w.  groups 

78 

.266 
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df  3/78,  p < .001) . Post  hoc  analyses  showed  primary  task  odd-even  responses 
were  slower  if  probes  occurred  at  position  4 as  opposed  to  positions  1 , 2 , or  3 
(p  < .01)  when  the  primary  task  was  performed  in  combination  with  the  simple 
RT  probe  task . When  the  probe  task  required  choice  RT  responses , primary 
task  odd-even  responses  were  slower  if  probes  occurred  at  position  4 as  opposed 
to  positions  1 and  2.  (p  < .01) . Also,  primary  task  responses  were  slower 
when  probes  occurred  during  the  transformation  interval  (position  3)  as 
opposed  to  positions  1 and  2 (p  < .05) . 

An  analysis  of  variance  on  the  error  data  from  the  primary  task  failed  to 
reveal  any  reliable  effects  of  type  of  response  or  probe  position . A split-plot 
factorial  2 . 2 analysis  of  variance  was  also  performed  on  the  primary  task  error 
data  with  type  of  response  in  the  secondary  task  (simple  or  choice  RT)  as  the 
between- subject  variable  and  probe  vs.  nonprobe  trials  as  the  within -subject 
variable . Significantly  more  errors  were  made  in  the  primary  task  on  probe 
trials  as  opposed  to  nonprobe  trials  (F  = 17.161,  df  1/28,  p < .05) . The  total 
number  of  errors  in  the  simple  RT  condition  was  76  on  probe  trials  and  53  on 
nonprobe  trials . In  the  choice  RT  condition , 62  errors  were  made  on  probe  trials 
as  compared  to  54  errors  on  nonprobe  trials . The  total  error  rate  on  the  pri- 
mary task  averaged  19.2  percent  for  subjects  in  the  simple  RT  condition  and 
17.3  percent  for  subjects  in  the  choice  RT  condition. 

DISCUSSION 

Keele  (5)  indicated  that  human  information  processing  is  limited  due  to 
limitations  of  space  and  limitations  of  time.  Shwartz  (16)  proposed  that  the 
function  of  consciousness  may  be  to  maximize  the  efficiency  of  utilization  of  the 
space  and  time  available  to  the  information  processing  system . When  the  capa- 
city of  a system  is  overloaded  due  to  limitations  of  space , a safeguarding 
attempt  will  be  made  to  serialize,  attenuate,  or  reject  irrelevant  signals  in 
order  to  reduce  the  overload . On  the  other  hand , if  limitations  of  time  do  not 
permit  the  complete  processing  of  a signal , then  an  active  attempt  will  try  to 
regulate  the  speed  of  processing , often  at  the  expense  of  efficiency  (15) . 

The  two  secondary  probe  tasks  used  in  the  present  study  were  proposed 
to  require  differing  amounts  of  processing  capacity,  and  subjects  were  not 
under  a significant  amount  of  time  pressure  in  either  the  secondary  or  primary 
tasks . The  RT  data  from  both  the  secondary  and  primary  tasks  suggested  that 
subjects  adopted  a serial  processing  strategy  when  capacity  overload  was 
threatened  in  the  choice  RT  condition . There  was  no  difference  between  pri- 
mary task  RTs  as  a function  of  the  type  of  response  to  the  secondary  task , but 
in  the  probe  task  data  a significant  and  fairly  constant  increase  in  RT  was  noted 
for  choice  RT  responses  as  compared  to  simple  RT  responses . An  additive 
effect  in  secondary  task  RTs  was  predicted  if  a serial  processing  strategy  was 
employed . 
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The  increase  in  primary  task  odd-even  RTs  at  probe  position  3 in  the 
choice  RT  condition  also  supports  the  conclusion  that  subjects  processed  infor- 
mation from  the  two  tasks  in  a serial  fashion . The  average  median  response 
latency  for  odd-even  responses  in  the  primary  task  on  nonprobe  trials  was  2.394 
in  the  simple  RT  condition  as  compared  to  2 . 344  in  the  choice  RT  condition . From 
Figure  2 it  can  be  seen  that  interference  deriving  from  the  secondary  choice  RT 
task  became  apparent  when  the  choice  RT  probes  occurred  during  the  transfor- 
mation interval  of  the  primary  task.  The  requirements  for  simultaneous  infor- 
mation transformation  and  choice  responding  apparently  induced  subjects  to  dis- 
continue processing  in  the  primary  task,  switch  to  the  secondary  task  to  perform 
a response,  and  then  return  to  primary  task  processing . The  time  available  dur- 
ing the  transformation  interval  was  sufficient  to  allow  such  a serial  strategy  and 
the  completion  of  the  required  calculations  before  the  test  digits  were  presented . 

In  order  to  protect  the  adequacy  of  the  stored  representation  of  results  deriving 
from  the  calculation , however , rehearsal  time  was  probably  borrowed  from  the 
following  processing  Interval  of  the  primary  task.  A comparison  of  the  stored 
results  to  the  test  digits  and  subsequent  decision-making  could  then  proceed , 
but  the  final  odd-even  RTs  would  be  commensurately  increased.  The  absence 
of  any  systematic  effect  of  probe  position  on  error  rates  in  the  primary  task 
Indicated  that  the  adequacy  of  the  stored  representation  of  results  from  the  trans- 
formation process  and , thereby , accuracy  in  the  primary  task  were  preserved 
in  this  instance . 

It  appears,  therefore,  that  subjects  adopted  processing  strategies  which 
allowed  them  to  safeguard  accuracy  in  the  primary  task  when  capacity  was 
exceeded  due  to  competing  task  demands.  These  findings  illustrate  that  sub- 
jects were  following  experimental  Instructions  to  devote  more  attention  to  the 
primary  task  and  to  maintain  a high  degree  of  accuracy . There  were  other  indi- 
cations that  subjects  were  attending  mainly  to  the  primary  task:  1)  odd-even  RTs 
in  the  primary  task  as  a function  of  probe  position  did  not  differ  for  simple  and 
choice  RT  response  conditions;  2)  the  error  rate  in  the  primary  task  did  not  dif- 
fer between  simple  and  choice  RT  response  conditions,  and  no  systematic  effects 
were  evident  across  probe  position;  3)  the  overall  error  rate  in  the  probe  task 
increased  as  the  demands  Increased  from  simple  to  choice  responding  (0 . 8%  vs . 

5.4%,  respectively);  and  4)  more  errors  (61%)  occurred  in  the  choice  RT  probe 
task  during  the  last  and  more  demanding  processing  interval  of  the  primary  task. 
The  significant  increase  in  primary  task  errors  under  probe  as  compared  to  non- 
probe conditions  suggests  that  the  probe  tasks  were  sufficiently  demanding  to 
create  substantial  Interference  between  processing  operations , but  would  not  neces- 
sarily imply  that  the  primary  task  was  of  less  priority  when  probes  occurred . 

Performance  was  clearly  most  susceptible  to  disruption  in  the  last  process- 
ing interval  involving  comparison,  decision,  and,  subsequently,  response  selec- 
tion and  execution  in  the  primary  task . Probes  occurred  one-half  second  after 
the  test  digits  were  presented , and  subjects  were  instructed  to  make  the  simple  or 
choice  RT  responses  before  responding  in  the  primary  task . It  is  interesting  to 
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note  that  primary  task  RTs  under  both  simple  and  choice  RT  conditions  were 
delayed  by  a significant  and  almost  equal  amount  in  the  fourth  interval,  although 
simple  RT  responses  to  probe  stimuli  were  performed  much  faster  than  choice 
RT  responses.  These  data  indicate  that  very  minimal  secondary  task  require- 
ments such  as  simple  RT  responses  can  be  highly  interfering  to  a complex  and 
very  demanding  primary  task  processing  operation . This  interference  is 
especially  apparent  when  closely  adjacent  discrete  responses  are  required  or 
when  a fairly  continuous  response  output  is  required  in  addition  to  discrete 
responding.  For  instance,  Damos  and  Wickens  (2)  found  that  tracking  informa- 
tion cannot  be  processed  while  central  processing  involving  stimulus  identifi- 
cation and  responding  to  digit  alternatives  is  proceeding.  Error  on  the  tracking 
task  increased  linearly  with  increased  processing  load  (number  of  alternatives) 
on  the  choice  RT  task.  The  findings  of  Damos  and  Wickens  (2)  as  well  as  the 
present  results  appear  to  support  the  notion  that  a single-channel,  central  pro- 
cessing bottleneck  limits  processing  in  a high-demand  task  structure  when  such 
processing  as  stimulus  Identification,  response  selection,  and  response  execution 
are  required  in  a secondary  task . 

Although  probe  task  RTs  in  the  present  study  reflected  the  overall  increase 
in  central  processing  time  required  for  simple  decision-making  as  opposed  to 
simple  detection,  they  did  not  prove  as  sensitive  to  variations  in  primary  task 
processing  demands  as  might  be  expected  from  previous  research.  The  lack  of 
positional  effects  on  probe  task  RTs  across  the  first  three  processing  intervals  of 
the  primary  task  can  seemingly  be  attributed  to  the  temporal  structure  and 
response  requirements  of  the  primary  task . With  sufficient  time  available  during 
each  processing  interval  of  the  primary  task  and  responses  required  only  at  the 
end  of  the  last  processing  Interval , subjects  could  effectively  alternate  attention 
between  the  two  tasks  without  affecting  accuracy  in  the  primary  task . During 
the  Hr st  three  processing  intervals  and  also  the  last  interval  in  the  simple  RT 
condition,  the  serial  processing  strategy  ensured  efficient  responding  to  the 
probe  task,  irrespective  of  primary  task  processing  demands.  The  significant 
increases  in  choice  RTs  and  errors  during  the  last  processing  interval  revealed 
that  interference  between  the  tasks  was  too  high  for  efficiency  to  be  maintained  in 
the  secondary  probe  task  as  well  as  in  the  primary  task,  even  thouah  the  serial 
processing  strategy  could  be  employed.  It  seems  reasonable  to  postulate  that 
if  less  time  were  available  to  subjects  during  the  various  processing  intervals  of 
the  primary  task,  then  RTs  and/or  error  rates  in  the  primary  and  secondary 
probe  tasks  would  likely  be  systematically  affected  as  a function  of  probe  position. 

The  results  of  the  present  study  lend  further  perspective  on  the  use  of 
secondary  probe  task  techniques  for  the  assessment  of  Information  processing 
demands  of  other  combined  tasks.  Although  researchers  have  successfully 
employed  probe  task  techniques  to  evaluate  the  differential  processing  demands 
associated  with  various  component  operations  upon  information,  the  methodology 
most  often  involves  the  use  of  simplified  primary  task  structures  with  informa- 
tion very  briefly  presented  by  means  of  tachlstoscopes . In  the  current  investi- 
gation which  used  a more  complex,  multistage  processing  primary  task,  the 
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probe  RT  data  alone  did  not  provide  a straightforward  index  of  the  processing 
demands  assumed  to  be  associated  with  the  primary  task . However , further 
analyses  of  primary  task  RT  data  and  error  rates  in  the  secondary  probe  task 
suggested  that  processing  demands  were  greater  during  the  transformation  and 
comparison-decision  intervals  of  the  primary  task . These  results  are  consistent 
with  other  findings  from  research  employing  traditional  secondary  task  tech- 
niques in  more  complex  task  situations  (e.g . , 1 , 17)  which  show  that  the  addi- 
tion of  a secondary  task  often  reduces  performance  efficiency  in  a primary  task. 
The  usefulness  of  a secondary  task  measure  to  reflect  differential  amounts  of 
workload  or  processing  demand  in  a primary  task  is  depreciated , however , when 
performance  varies  in  both  tasks . 

Due  to  the  procedural  difficulties  frequently  associated  with  maintain- 
ing the  primacy  of  an  Intended  primary  task  and  controlling  individual  process- 
ing strategies , a limited  utility  may  often  be  realized  in  the  application  of  tradi- 
tional secondary  tasking  techniques  to  a larger  class  of  more  complex  tasking 
situations.  Recent  studies  (3,  8-10)  have  emphasized  the  need  for  improved 
performance  assessment  methodologies  in  order  to  derive  better  controlled  esti- 
mates of  combined-task  processing  demands,  human  attention  capacity,  and 
voluntary  attention  control.  Norman  and  Bobrow  (9,  10)  outlined  a number  of 
assumptions  and  requirements  which  should  be  considered  in  the  development 
of  future  multitask  measurement  techniques . It  appears  especially  critical  that 
experimental  methods  must  incorporate  means  for  more  precisely  controlling  the 
allocation  of  processing  resources  to  various  task  demands  in  order  to  better 
specify  the  relationship  between  performance  and  the  processing  resources  avail- 
able under  a given  set  of  task  requirements . The  necessity  for  such  procedural 
controls  and  the  inadequacies  of  traditional  secondary  task  measurement  tech- 
niques become  even  more  pronounced  aB  the  number  and  complexity  of  simul- 
taneously performed  tasks  are  increased . Systematic  examinations  of  the  role 
of  task  demands,  task  structures,  priority  manipulations  and  feedback  tech- 
niques are  clearly  required  to  improve  methods  for  measuring  and  predicting 
human  performance  in  highly  demanding,  multitask  environments. 

CONCLUSIONS 

1 . A significant  and  fairly  constant  increase  in  reaction  time  for  secondary  task 
choice  RT  responses  as  compared  to  simple  RT  responses  across  all  processing 
intervals  of  the  primary  task  indicated  that  subjects  adopted  serial  processing 
strategies  when  capacity  overload  was  threatened  due  to  competing  task  demands. 

• 

2 . Error  rates  were  greater  in  the  secondary  probe  task  when  choice  RT 
responses  were  required  as  opposed  to  simple  RT  responses;  more  errors 
occurred  in  the  secondary  task  during  the  comparison-decision  interval  of  the 
primary  task . 


3.  The  serial  processing  strategies  enabled  subjects  to  maintain  accuracy  in 
the  primary  task  as  no  systematic  differences  in  error  rates  were  found  in  the 
primary  task  as  a function  of  probe  position  or  type  of  response  required  (simple 
or  choice  RT)  in  the  secondary  task . 

4 . Primary  task  RTs  did  not  differ  aB  a function  of  secondary  task  response 
requirements  but  were  affected  by  probe  position;  RTs  Increased  during  the 
transformation  and  comparison-decision  processing  intervals  in  the  choice  RT 
condition  and  during  the  comparison-decision  Interval  in  the  simple  RT  condi- 
tion. 

5.  Secondary  probe  task  RTs  did  not  provide  a straightforward  index  of  primary 
task  processing  demands  due  in  part  to  the  structure  of  the  primary  task  and  to 
the  lack  of  control  of  processing  resources  allocated  to  combined-task  demands. 

6 . Due  to  procedural  problems  associated  with  maintaining  the  primacy  of  an 
intended  primary  task  and  controlling  subjects'  processing  strategies,  the 
utility  of  secondary  probe  task  techniques  may  be  depreciated  in  more  complex 
task  situations  such  as  the  one  employed  in  the  present  investigation . 

7 . Multitask  performance  assessment  methodologies  should  Incorporate  means  to 
control  the  allocation  of  processing  resources  to  varying  combined-task  demands . 


14 


REFERENCES 


1.  Briggs,  G. , and  Schulman , H.  G. , Studies  of  performance  in  complex  air- 

crew tasks.  Air  Force  Research  Foundation  Project  2718,  Final 
Report.  Columbus,  Ohio:  Ohio  State  University  Foundation, 

December,  1971. 

2 . Demos , D . L . , and  Wickens , C . D . Dual -task  performance  and  the  Hick- 

Kyraan  law  of  choice  reaction  time.  Journal  .of  Motor  Behavior , 9: 
209-215,  1977. 

3 . Gopher , D . , and  North , R . A. , The  measurement  of  operator  capacity  by 

manipulation  of  dual -task  demands.  Aviation  Research  Laboratory 
Technical  Report  ARL-74-21/AFOSR-74-15.  Savoy,  111.:  University 
of  Illinois  at  Urbans -Champaign,  October  1974. 

4.  Kahneman,  D. , Beatty,  J. , and  Pollack,  I.,  Perceptual  deficit  during  a 

mental  task.  Science,  157:  218-219,  1967. 

5 . Keele , S . W . , Attention  and  Human  Performance . Pacific  Palisades , Calif . : 

Goodyear.  1973. 

6 . Kerr , B . , Processing  demands  during  mental  operations . Memory  and 

Cognition . 1:  401-412,  1973. 

7.  Kirk,  R.  E.,  Experimental  Design:  Procedures  for  the  Behavioral 

Sciences . Belmont,  Calif.:  Brooks/Cole,  1988. 

8.  Navon,  D. , and  Gopher,  D. , On  the  economy  of  the  human  processing  sys- 

tem: A model  of  multiple  capacity.  Technical  Report  AFOSR-77-1, 
Technion-Israel  Institute  of  Technology,  1977. 

9 . Norman , D . A. , and  Bobrow , D . G . , On  data -limited  and  resource-limited 

processes.  Cognitive  Psychology,  7;  44-64,  1975. 

10.  Norman,  D.  A. , and  Bobrow,  D.  G. , On  the  analysis  of  performance  operat- 

ing characteristics.  Psychological  Review,  83:  508-510,  1976. 

11 . North,  R.  A . , Task  components  and  demands  as  fsctors  in  dual -task  per- 

formance. Aviation  Research  Laboratory,  Technical  Report  ARL-77-2/ 
AFOSR-77-2,  Savoy,  111.:  University  of  Illinois  at  Urbana-Champaign , 
Institute  of  Aviation,  1977. 

12.  Posner,  M.  I. , Memory  and  thought  in  human  intellectual  performance. 

British  Journal  of  Psychology , 56;  197-215,  1965. 


13.  Posner,  M.  I.,  and  Boies,  S.  J.,  Components  of  attention . Psychological 

Review.  78:  391-408,  1971. 

14.  Posner,  M.  I. , and  Klein,  R. , On  the  functions  of  consciousness.  In: 

Kornblum,  S.  K.  (Ed.),  Attention  and  Performance  IV . New  York: 
Academic  Press , 1973.  Pp.  21-35. 

15.  Posner,  M.  I. , Klein,  R. , Summers,  J. , and  Buggie,  S. , On  the  selection 

of  signals.  Memory  and  Cognition , 1:  2-12,  1973. 

16.  Shwartz,  S.  P. , Capacity  limitations  in  human  information  processing. 

Memory  and  Cognition , 4:  783-768,  1976. 

17.  Trumbo,  D. , and  Noble,  M. , Secondary  task  effects  on  serial  verbal 

learning.  Journal  of  Experimental  Psychology,  85;  418-424,  1970. 


16 


SECURITY  CLASSIFICATION  OF  THIS  PAPE  (Whan  D«(«  Enttttd) 

REPORT  DOCUMENTATION  PAGE 

T REPORT  NUMBER  ~ |2,  OOVT 

NAMRL— 1249  / 


|2.  OOVT  ACCESSION  NO. 


14.  TITLE  (and  Submit) 

On  the  Assessment  of  Processing  Demands  in  Complex  Task 
Structures 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 
1 RECIPIENT'S  CATALOQ  NUMBER 


I.  TYRE  OF  RBRORT  ft  PERIOD  COVERED 


Interim 

S.  RCRFORMINO  ORO.  REPORT  NUMBER 


7.  AUTMORfO 

Jerry  M.  Owens,  LT  MSC  USN  and  Steven  D.  Harris,  LT  MSC‘ 
Steven  D.  Harris,  LT  MSC  USNR 


CONTRACT  OR  ORANT  NUMBERfc) 


» PERFORMINO  OROANIZATION  NAME  AND  ADOREIS 

Naval  Aerospace  Medical  Research  Laboratory 
NAS,  Pensacola,  Florida  32508 


II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Naval  Medical  Research  and  Development  Command 
Bethesda,  Maryland 

<4.  MONITORING  mO^NCY  NAME  A ADDRElirif  3/77175 il  from  Controllfnf  OtffccJ 


10.  PROORAM  ELEMENT.  PROJECT,  TASK 
AREA  « WORK  UNIT  NUMBERS 


ZF51. 524.004.9017 

II.  REPORT  DATE  ” 

July  1978 

IS.  NUMBER  OF  PAOES 

Nineteen  (191  pages 

IS.  SECURITY  CLASS  (o(  (Me  report.) 


lie  DISTRIBUTION  STATEMENT  fo/IM.  Htporl) 


Approved  for  public  release;  distribution  unlimited. 


UNCLASSIFIED 


TSuTOECL  ASSI  FI  C ATI  ON/OOWN  OR  ADIN  O 
SCHEDULE 


{17.  DISTRIBUTION  STATEMENT  (a t fh*  «b«tr«et  anlarod  In  JMock  20,  If  dUtatont  from  Hmpoti) 


111.  supplementary  notes 


II.  KEY  WOROt  fConffnu*  on  rawraa  oldm  It  nacawamry  and  Identity  by  block  numbar) 

Human  attention  Complex  task 

Information  processing  Successive  processing  operations 

Man’s  “central  processor”  Reaction  time  (RT)  response 

Workload  Processing  strategies 

Probe  task  techniques 

10.  ABSTRACT  fConflnuc  on  rovoroo  alrfo  II  n.ccc.crr  and  Idijllly  by  Stock  n>mb»t) 

Recent  studies  of  human  attention  and  information  processing  have  successfully  employed  secondary 
probe  task  techniques  to  assess  the  differential  demands  placed  upon  man’s  ^central  processor^  by 
various  component  task  performances.  Results  from  previous  work  have  shown  that  the  workload  or 
demand  associated  with  various  tasks  iB  dependent  upon  the  type  and  extent  of  information  process- 
ing operations  upon  information.  However,  most  of  the  research  to  date  utilizing  probe  task  tech- 


nn  form 

vU  I JAN  7* 


EDITION  OF  I NOV  ••  IS  OBSOLETE 
S/N  0 103-014-  SS01  | 


UNCLASSIFIEI 

SECURITY  CLASSIFICATION  I RAOB 


assessing 


0^ 


fe*0-  ... 


UNCLASSIFIED 


.U.UKITV  CLASSIFICATION  OF  This  PAOKWhm  O urn  Knttnd) 


TV  gl 


20  ^ primary  task  involving  successive  processing  operations  upon  information  including  (1) 

encoding,  (2)  rehearsal,  (3)  transformation,  and  (4)  comparison-decision  was  performed  simul- 
taneously with  a secondary  probe  task  requiring  a simple  reaction  time  (RT)  response  or  with  a 
secondary  probe  task  requiring  a choice  reaction  time  (RT)  response.  The  two  secondary  tasks 
required  different  levels  of  capacity  demands  and  provided  a basis  for  evaluating  the  processing 
strategies  used  by  subjects  in  the  competing  task  demand  situation.  Probe  stimuli  occurred  an  equal 
number  of  times  during  each  of  the  four  primary  task  processing  intervals.—. 

A 

Simple  RT  responses  were  performed  significantly  faster  than  choice  RT  responses  in  the 
secondary  probe  task.  The  increase  in  reaction  time  for  choice  RT  responses  as  compared  to  simple 
RT  responses  was  fairly  constant  across  all  processing  intervals  of  the  primary  task  and  suggested 
that  subjects  used  serial  processing  strategies  to  avoid  capacity  overload.  Secondary  task  error  rates 
increased  during  the  comparison-decision  interval  of  the  primary  task  and  primary  task  reaction  times 
increased  when  probes  occurred  during  the  transformation  and  comparison -decision  intervals.  The 
pattern  of  results  indicated  that  demands  were  greater  during  primary  task  intervals  requiring 
transformation  and  comparison-decision  although  reaction  times  to  the  secondary  probe  tasks  did 
not  provide  a sensitive  index  of  the  increased  demands.  These  findings  suggest  that  procedural 
problems  associated  with  controlling  the  allocation  of  processing  resources  to  varying  combined- 
task  demands  may  depreciate  the  utility  of  secondary  probe  task  techniques  in  complex  task  situa- 
tions. r 
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